In this paper, we will propose a representational model of "interactive" artifacts which reflects interactions between human and artifacts base on the discussion of alethic, deontic and temporal aspects of the interaction. From these three types of modality, we will define three layers to represent the interactions. The base layer represents causal relations which are governed by physical laws or effects. The main layer represents state transitions by unrestricted operations. Some operations are restricted by teleological necessities which are derived from designers' intention. The top layer represent this type of restrictions by using what we call "task unit graph". The tight interactions among the three layers explain interactions among designers, operator and environment via an artifact.
Introduction
There has been a recent trend away from developercentered concepts to user-centered design, and this new approach to design is attracting increasing interest 1) . In- However, few models that describe artifacts from the viewpoint of "goal → function → structure" include "operation" as an important point. Thus, it is difficult to describe and understand artifacts from a human-centered perspective using such models. Operations play an important role in the understanding of artifacts, particularly for objects used as part of daily life. For example, when analyzing a hand grip, it would be difficult to determine the real purpose of the object without accounting for the operation, such as repeated gripping for hand muscle training. Therefore, this paper discusses a new model for physical systems, focusing on representation of the relationship between human (designers and operators) and artifacts.
One of the standpoints of designers is that they tend to embed all their intentions in the design structure and forbid non-intended operations. However, this strategies require high quality design perspective. If it is not enough, operators should get into a deadlock situation, and it is designed as "black box" manner with the result that an escape is very difficult.
On the other hands, there is a standpoint that making use of operations actively. Norman proposed the concept of affordance as a means of allowing designers to impart their intentions on operators in a more appropriate manner 5) . Norman's concept can be regarded as a method by which designers' intentions are realized in the nature of an artifact. However, it is difficult to determine general laws between the nature of an artifact and affordance, and it is not easy to construct appropriate design support systems using computers. Furthermore, as the operations may be complex and the operations manuals may be difficult to understand, operators generally will not read well the manuals. This gives rise to the assertion that operation TR 0001/04/E-301-0040 c 2004 SICE manuals should consist of simple operation sequences, allowing the artifact to be understood intuitively, or the manual should be written before the structures are designed 5) .
In this paper, the authors adopt the latter standpoint, that is, in preference to a system that forbid operator "liberty", active interaction between the operator and artifact is asserted. An appropriate representational model for this assertion then needs to be developed.
Background theory
This paper proposes a hierarchical model for artifacts based on aspects of necessity and possibility, as outlined in Table 1 The background theories on which the hierarchical model is constructed are discussed below.
1 Alethic modality
Interesting ideas about the relationship between operators and artifacts were discussed by von Wright, an analytic philosopher 6) . Traditionally, it is well known that a scientific explanation is either causal or teleological. In connection with this contrast, von Wright presented the scheme of physical phenomena that causal closed systems are created by teleological actions. This concept states that behavior explained by teleology has the "property of action." That is, not only surfaces, i.e., motion and stop, but also internal properties, i.e., background intention, will and intentional omission, are accompanied by such behavior.
After a teleological operation has been performed, the world changes according to the causal laws in a closed system. The law on which causal explain depend reflects causal necessity. Necessity is classified in several ways 7), 8) . When according to causality and teleology, necessity can be thought of as being in direct opposition to the free state. Furthermore, causal necessity and teleological necessity are therefore not logical or conceptual, but assumptive, supported by facts or experiences. That is, causal necessity is a rationality that connotes natural phenomena, and teleological necessity depends on intentions or purposes.
Here, the concepts of necessity and free here can be respectively related to necessity and possibility in alethic modality, as shown in left column of Table 1 . Therefore, the operands (3 and 2) and universal axioms of modal logic can be imported into the proposed model. In alethic modal logic, the fact that r is true in any possible world is represented by 2r, and it means that proposition r is "necessarily" true. On the other hand, the fact that r is true in at least one possible world is represented by 3r, and means proposition r is "possible."
2 Deontic modality
Designers entrust their intentions to artifacts through the implementation of physical structures, and in the operation sequence of tasks. An operation sequence, which is derived explicitly from the designers' intentions, reflects the obligations of operators, whereas the structure, in which the designers' intentions are embedded implicitly, reflects the permissions for the operators. Therefore, designers' intentions can be interpreted as the deontic modalities of "obligation" and "permission" for operators.
Based on this viewpoint, deontic modality can be related to alethic modality as shown in Table 1 . Teleological necessity corresponds to an obligation, which is described in the operations manual. Even if operators do not obey the operations manual, they are necessarily restricted to possible operations through the constraints of physical laws or effects. This necessity correspond to "causal necessity," and the remaining liberty of operators correspond to "free" in alethic modality.
Under deontic modality, 2p is interpreted as "p is obliged to be true", 3p is "p is permitted to be true,"
and 2∼p (∼3p) is "p is forbidden to be true."
3 Temporal modality
An operation yields state transitions. State transitions and operation sequences necessarily involve a temporal order. Although causalities are sometimes analyzed using temporal order relationships, such analyses are subject problems such as feedback loops in physical causal relations 9) and the constraint that reaction cannot be asserted before an action. Usually, a time scale is applied to explain whether a causal relation involves time order 9) (1) .
Consider the situation where an item is being placed on
(1) Causality can also be classified by "can be observed or not" or "cognitive or physical," etc. fixed depending on which phenomenon is described, and it may be necessary to consider the time order 12) .
Accordingly, it is possible to introduce the concept of a "snapshot of causal relations." Within a snapshot, time order does not need to be considered. A causal explanation of functions involved in a physical system is then
represented by a collection of snapshots, and there is "an operation" or "a change in structural conditions caused by self-causal relations" between each snapshot.
As a result of the introduction of snapshots, there is an essential difference in tense between "operation sequence" or "possible operation and states" and "causal explanation." In this case, temporal modality correspond to alethic modality and deontic modality as shown in Table 1 .
A model for representing artifacts based on modality
Possibility of operations, and causal and teleological necessities, which constrain the possibility can be analyzed naturally from the three viewpoints, i.e., alethic, deontic and temporal modality. This scheme clarifies the relationships between designers' intentions and operations, and makes it possible to analyze systems considering the relationship with operators. In this sense, modeling form these three viewpoints is suitable for representing interactive artifacts. The proposed model is described in detail below. In the following, the contents of each layer and the relationships between them are discussed using a mimeograph ( Fig. 2) as an example.
1 Alethic/deontic/temporal model

2 Main layer
An artifact works objectively without designers' intentions if it's design process is finished and released. The comprehension of possible operations and states of products is therefore important not only from the standpoint Table 2 Modal operand T A A is true at the next moment GA
A is true at all future times FA A will be true at some future time AU B A will be true at all times from next moment until the first instance that B is true The main layer in Fig. 3 shows an excerpt of the operations and states for a mimeograph. For example, in the case where a token exists at"up(body1)", the transition "down(body1)" can be triggered. It corresponds that body1 can be pressed down if it is lifted. When the transition "down(body1)" fires, that is, body1 is pressed down, the token moves to "down(body1) ".
3 Top layer
Designers entrust their intention to operators via operations manuals. In other words, operations manuals reflect designers' intentions that are entrusted to operators.
Here, attention is paid to the fact that only teleological phenomena can explain the necessity of the temporal order of operations. That is, operations manuals can be regarded as a "limiter of operational possibility" depend on teleological necessity. In this respect, temporal order also plays an important role.
Operation sequences planned by the designer to achieve the intended goal are encoded in the top layer. In this layer, the temporal order of events is important and reflects the teleological information. That is, an arbitrary sequence of operations may loose physical reality.
For example, Table 3 shows an operation sequence for the mimeograph. It is necessary to perform operation 1 before operation 2 because the press-board hides the fixlever unless it is raised. However, the necessity of this operation sequence cannot be understood until the teleological explanations are provided.
This type of information is encoded by modal logic formulae, including temporal logic 13) and deontic logic 14) .
Temporal logic introduces objective tense concepts such as "next time, statement A will be true", while deontic logic introduces subjective modal concepts such as "next time, statement A must be true". In order to regulate future events, modal operands of temporal logic are introduced as show in Table 4 .
Designers' intentions, which are embedded in the operation sequence shown in Table 3 , are encoded as the following temporal expressions, where X ≺ Y ≺ ∼X if "≺" refers to a relationship of time order.
(i) Operation Y should be performed immediately after operation X in order to change the state to "y." The first expression (i) forbids unprepared operations between two continuous prepared operations. Generally, immediate fixing is requested after modification of the position in the example of the mimeograph. This is represented by substituting operation 3 in Table 3 for X, and operation 4 in Table 3 for Y .
The second expression (ii) forbids unnecessary operations. For example, once the master has been set in the holder, it should not remove during subsequent operations. This is represented by substituting the state after operation 5 in Table 3 As a special case of (iii), state x can be an initial state.
In this case, state x is not described in the operations manual directly. However, if the "state before operation (∼X)" is determined on the main layer, a request such as "do not place paper on the pad until the pad position has been adjusted" can be represented by regarding it as state x and substituting { x, y, ∼x / before operation 6, after operation 3, after operation 6}.
Each operand can be translated into an extend Petri netas a task unit graph 23) , which represents deontic modality and temporal modality, and which is extended from Raise the press-board 2.
Unlock the fix-lever 3.
Adjust the base position 4.
Lock the fix-lever 5.
Attach a master to the holder 6.
Place paper on the pad 7.
Place the manuscript on the paper 8.
Pull down the press-board 9.
Confirm the paper position 10. Attach bulbs to the lamp housing 11. Attach the lamp housing to the press-board 12. Lower the press-board 13. Confirm bulb flash 14. End Table 4 Modal operands for "future"
T A
A is true at the next moment of time GA
A is held true forever FA A will be true at some time in the future AU B A will be true at all times from the next moment until the moment that B becomes true standard 1-bounded Petri net by introducing special arcs as shown in Fig. 3 . The task unit graphs, which is subject-independent, can be constructed using these special arcs 15) .
The left part of the top layer shown in Fig. 3 reflects the task T A, while the right part represents the task AUB.
In this case, "A" means the state after attaching the lamp housing to the press-board. When the transition "put(f bulb, l house)" triggered, a token moves from "∼connect(l house, l bulb)" to "connect(l house, l bulb),", and a token is placed in the "T A" in the task unit graph indicating that "in the next step, lamp housing is connected(body1) should be true."
For AUB, substituting "before state of operation 11"
for A, and "after state of operation 10" for B represents the the task request "lamp housing should not be attached to body1 (operation 11) until lamp is attached to lamp housing (operation 10)."
4 Base layer
In this layer, artifacts are represented from the view- 
5 Interaction between top layer and main layer
A physical system permits you several operations, but an operations manual restricts the operations. In the proposed model, local states of the system are transmitted from the main layer to the top layer, and information of the restrictions is transmitted from the top layer to the main layer. For example, in Fig.3 , a token is placed on T A in the top layer if the transition put(f bulb, l house) (i.e., operation 10) fires, as shown by the thick dotted arrow. Then, the state "after operation 11" is substituted for A, and the request for ∼A → A in the top layer is synchronized with the request for operation 11 in the main layer. In the case of task AUB in the top layer, if a token is placed in B in the top layer by performing operation 10 and firing of A → ∼A is allowed, operation 11 in the main layer is also allowed to fire as a result of synchronization. The state of the switch is changed by a free operation, and a such is described in the main layer as a transition.
On the other hand, the state of the light is necessarily changed by the state of the switch. In this case, the state of the light is represented in the main layer as a place in the Petri net, but it is controlled by causal law, that is, a closed circuit causes current to flow and the light bulb flash, as described in the base layer. In artifact engineering, design is treated as major stream. A criterion for the synthesis process is pointed for, and an abduction as a logic operation is set center of discussion 18) , and from this standpoint, concept structure for describing physical world is supplied 18) Reiger's model 21) , both operations and necessary events are described in the same network, distinguished through the use of different symbols. In the ADT model, the main and base layers are clearly separated, and a relevance is defined between them. Accordingly, a concise method of merging the PCN of the base layer and Petri net of the main layer can be introduced. In this way, an estimation system for events when several systems operate simultaneously can be introduced. In this case, however, common items though systems should be increased by any effort, e. g. introducing system resources (operator hands, graze and so forth) to token of Petri net.
Applications and related studies
1 A simple example
Conclusion
A model for representing artifacts based on the modality of operations and states was introduced. This model represents possible operations and states in a main layer, placing importance on "events" derived from "objects."
Relationships between "designer intentions," "physical phenomena or effects" and "operations" are then expressed by interaction between the main layer (" liberty or responsibility") and 2 other layers reflecting "teleological necessities" "causal necessities." Thus, the proposed model is suitable for representing interactive artifacts that must be designed with full consideration of the characteristics of the users.
Operators' comments should be respected in the design process in order to achieve fine interaction between operators and the product, thus human centered design process is important. Participatory design 22) is one such human-centered design process, and the authors are currently examining a new style of participatory design using the proposed model. Participatory design is a concept of design process in which the users participate in order to improve the usability of products. Generally, in participatory design processes, operators' requests are reported directly, using the proposed model, however, it will be possible to summarize the requests indirectly. That is, designers can recognize the operations selected by users by observing the transitions of markings in the Petri net. This is expected to support design using affordance, although by an indirect approach.
In application to participatory or collaboratory design processes, it becomes necessary for unspecified designers to refer to the information on each layer in order to modify the design. In this situation, in order to maintain consistency among designers, strict definitions are required for each layer of the ADT model. The authors have already proposed a conceptual class for describing the ADT model based on ontological engineering concepts. Construction of a participatory design support system using these classes is an intended target of future work.
